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INTRODUCTION AND OBJECTIVES
The role of vitamin Dfor calcium homeostasis and bone health is well known. In recent years, an increasing number of studies have reported associations between vitamin D and many diseases [1] [2] [3] and mortality [4, 5] . Low levels of vitamin D have also been associated with ischemic heart disease (IHD) [6, 7] , but findings are inconsistent [8] . Stronger associations have been found for fatal cardiovascular events [9] , although to-date supplementation trials have not found conclusive evidence that they have any effect regarding cardiovascular prevention [8, 10] , or for mortality among the elderly [11] .
Research into the mechanisms and causal links between vitamin D and cardiovascular disease are inconclusive. Whether vitamin D deficiency/insufficiency is a general risk factor, or if a sufficient level is a general health indicator is not clear.There are several possible mechanisms that could link vitamin D deficiency with cardiovascular disease, such as inflammation, smooth muscle cell proliferation, vascular calcification, effects on platelets and on the reninangiotensin system [8] . Vitamin D has immune-modulating effects resulting in a reduced pro-inflammatory state [12] . The inflammatory system is an important part of the complex regulating network maintaining allostasis in the stress response, and also affects cardiovascular function [13] .
The main source of vitamin D is cutaneous conversion of promolecules into active vitamin D (mainly 25-Hydroxyvitamin D 3 ) as a result of ultraviolet radiation from exposure to the sun. Additional sources are natural dietary content, vitamin food fortification and supplements. The latitude of geographical location is of importance for obtaining sufficient sunlight for the synthesis of active vitamin D. Seasonal variation in vitamin D levels have been illustrated in the Nordic countries [14, 15] and in the United Kingdom where high prevalence of deficient vitamin D levels have been found during winter and spring [16] . In the Nordic countries, exposure to the sun is below critical level for half of the year. In such areas, studying links between vitamin D and health and disease could be appropriate. Taking season into account for blood sampling is therefore crucial. A recent Swedish study provides observational evidence for avoidance of sun exposure as a risk factor for all-cause mortality [17] .
Despite medical and public health advances, cardiovascular diseases are still common and severe among the middleaged and elderly. Swedish farmers have been identified as an occupational group with a low relative risk of IHD [18, 19] , and similar observations are reported from Finland [20] and the USA [21] . Farmers work outdoors more than many other occupation; therefore, the impact of vitamin D could be a potential explanatory factor worth further investigation [22, 23] .
The aim of the presented study is to investigate whether vitamin D is associated with IHD among rural middle-aged men in Sweden.
MATERIALS AND METHOD

Study population.
A nested case-control study was performed within a population-based cohort of Swedish farmers and non-farming rural residents. A prospective cohort study was established in 1989 with the intention of studying the health and health-promoting factors in relation to farming. All male farmers born between 1930-1949, living in 9 selected rural municipalities in the southern half of Sweden, were identified from the Swedish National Farm Register. The areas were chosen to represent a variety of farm types and with consideration of known geographical cardiovascular disease gradients throughout the country [24] . Non-farming referents matched by age, gender and residential area were identified in the National Population Register. Altogether, 2,350 men met the criteria of occupational activity, and 1,220 farmers and 1,130 non-farmers were included in the cohort.
In 1990-91, the entire cohort was invited to take part in an extensive baseline health survey, with a participation rate of 76 % [25] . The survey included questionnaires, medical interviews, physical tests and blood sampling, and for practical reasons spread out over a year, and performed by specially trained research personnel. The survey was therefore not a part of any regular health examinations. Cases and controls. In the cohort, all men deceased or diagnosed with IHD were identified during the 20 years of follow-up. All available diagnoses were used and the number of individuals deceased or diagnosed with IHD counted at least once. IHD was defined by ICD-9 code 410-414 and ICD-10 code I20-I25. Altogether, 276 men were included as cases with IHD.For each case, one aged matched control without any cardiovascular disease (no IHD diagnosis, no other cardiovascular or stroke diagnosis and no diabetes diagnosis) over the 20 year follow-up, was selected.
Outcomes
Blood sampling and analysis. Serum blood samples were non-fasting, centrifuged and refrigerated at 4 °C at the examination site, and transported to the same laboratory in Uppsala for analyses of blood lipids (total s-cholesterol and s-triglycerides) within 3 days of sampling. Blood samples were frozen for later analysis.
The analysis of vitamin D was performed using a method previously described by Gustafsson et al. [28] . Briefly, aliquots of 100 µl serum were precipitated with acetonitrile and centrifuged. Labeled 25-hydroxyvitamin D3 was used as the internal standard. The samples were analyzed by LC/MS/MS. In all analytical batches, in-house prepared quality control (QC) samples and chemical blanks were analyzed. The control samples were checked against controls (Chromsystems Instruments & Chemicals GmbH; MassCheck®, Gräfelfing, Germany; DEQAS vitamin D External Quality Assessment Scheme, Endocrine Laboratory, Charing Cross Hospital,London, UK).
Background variables/potential confounders. At the baseline survey, weight and height of each respondent was measured with standard procedures, and body mass index (BMI) calculated. Blood pressure was measured twice with mechanical blood pressure equipment (Trim line LIC ® ) after 5 minutes of supine rest, and the average recorded. Physical work capacity was determined by a sub-maximal work test on a bicycle ergometer [29] . Tobacco habits were assessed in structured interviews, and for the current analyses dichotomized as current daily smoking versus no smoking. Educational level was classified on a 5-grade scale according to a self-report questionnaire. Experienced work demands were assessed by the job content questionnaire according to Karasek [30] .
Statistical analyses. Differences in baseline characteristics between cases and controls were analyzed using t-test for continuous data and chi 2 -test for ordinal data. Vitamin D was normally distributed, but the levels varied considerably according to the month of blood sampling ( Adjusted vitamin D was divided into quartiles according to the distribution among the controls. Associations between vitamin D (in quartiles) and background variables at baseline were analyzed with ANOVA for continuous data, and chi 2 -test for categorical data among the controls. The crude association between vitamin D and IHD was explored in a cross-tabulation with a chi 2 -test and illustrated in a diagram. The associations between vitamin D at baseline and IHD were evaluated by logistic regression models generating odds ratios (OR) and 95% confidence intervals (CI). First, a model with measured vitamin D was applied and second, a model with month-adjusted vitamin D in order to illustrate the effect of and need for adjusting the measurements. The quartile with the lowest vitamin D levels was defined as the reference category. Potential confounders (smoking, BMI, blood pressure, blood lipids, physical capacity, education, occupation, work demands) were included in the logistic regression models with forward stepwise entrance of variables in such a way that only variables significantlyinfluencing the model were kept in the final step (probability for stepwise entry p<0.05 and removal p<0.10).
All analyses were performed using IBM SPSS® Statistics 20. All tests were two-tailed and p<0.05 defined as statistically significant. The study was approved by the Regional Ethical Committee at Lund University.
RESULTS
Vitamin D measurements were obtained for 529 individuals. The mean vitamin D in the study population was 28.2 ng/ml (to convert to nanomoles per litre, multiply by 2.496) with measurements ranging from 6.2 ng/ml -65.0 ng/ml. No significant difference in measured vitamin D was found between cases and controls (Tab. 1). Background variables were associated with IHD in predicted directions. There were fewer farmers and more smokers among the IHD cases, and the cases experienced lower work demands, had a higher BMI and a lower physical work capacity at baseline. The cases also had higher blood pressure as well as higher serum cholesterol and triglycerides.
Adjusted vitamin D ranged from minus 22.0 ng/ml -38.8 ng/ml. Few associations were found between vitamin D and background variables among the controls (Tab. 2). Individuals with only elementary compulsory education were over-represented in the highest vitamin D quartile, and the proportion of farmers was lower. The mean measured vitamin D among farmers was 27.1 ng/ml, and among nonfarmers -29.6 ng/ml (p=0.001).
The distribution of absolute numbers of cases with IHD across vitamin D (adjusted by month of sampling) in quartiles is illustrated in Figure 2 . Fewer cases with IHD were found in the highest quartile of vitamin D (p = 0.048, crude analysis).
The risk of IHD was significantly lower in the highest quartile of month-adjusted vitamin D (OR=0.46; 95% CI 0.25-0.84; p=0.012) after including systolic blood pressure, s-cholesterol, BMI and occupation (farmer versus nonfarmer) in the model (Tab. 3). The potential confounders; education, work demands, daily smoking, physical work capacity, diastolic blood pressure and triglycerides, were tested for, but did not reach significance to enter the final model. No dose-response relationship was observed in the four quartiles. When applying the model on measured nonadjusted vitamin D in quartiles, the same tendency was found but the results did not reach significance. The cut-off for the highest quartile of measured vitamin D was 34.5 ng/ml. [6] . In their larger study with a similar design, they reported about half the risk of IHD for men with vitamin D levels of at least 30 ng/ml, or above. Giovanni et al. found a graded dose-response relationship that was not be observed in the data for the presented study. In the Framingham offspring study that followed 1,739 men and women over 5.4 years, the risk of cardiovascular events was 1.62 times higher among those with low vitamin D (< 15 ng/ml) with a graded dose response [31] . Other researchers have found a non-linear inverse association with the risk of cardiovascular mortality, starting at vitamin D concentrations below 30 ng/ml [32] . A U-shaped relationship has been suggested with the lowest risk of mortality at levels 30-49ng/ml [33] . The American Institute of Medicine concluded in 2011 that the evidence regarding vitamin D and extraskeletal outcomes was inconsistent and inconclusive regarding causality [34] .
Although a stronger association of vitamin D deficiency with fatal cardiovascular disease than with non-fatal events has been reported [9] , other large longitudinal population studies have found no significant associations with vitamin D and cardiovascular mortality in adjusted models [33, 35, 36] . Whether vitamin D deficiency is a causal risk factor for cardiovascular disease, or merely an indicator of poor health, is still an open question [37, 38] .
It is well-known that serum concentrations of vitamin D vary during the year at higher latitudes. In the presented study, levels of vitamin D varied considerably in relation to month of sampling, and when this was accounted for, an association with IHD was revealed. This illustrates the need to take into account the season of blood when assessing vitamin D for populations or individuals at higher latitudes. Klingberg et al. reported a large seasonal variation in serum vitamin D in a cohort study of blood donors in Sweden [15] . During January -March, 58% were below the threshold 50 nmol/l and 88% were below 75 nmol/l, whereas the corresponding figures during July -September were 11% and 50%. They also analyzed intra-individual seasonal variation by repeated measurements showing strong correlations indicating that each individual follow their own curve.
Of the background variables assessed in the current study, only education and occupation were associated with vitamin D when adjusted for month of sampling. Having only compulsory schooling was over-represented in the highest quartile of vitamin D. In unadjusted analysis in a large sample of the general population in USA, low socio-economic status was associated with higher risk of vitamin D deficiency, but this association was reversed after adjustment in multivariate analysis [33] . The authors identified physical activity and race as the main confounders behind their finding. Higher education might also be related to a more sun-protective behaviour, and this might differ between countries. Vitamin D has been found to be inversely correlated with smoking and with BMI, and positively correlated with physical activity [6, 15, 33] . In a study by Klingberg et al., physical activity was associated with higher serum concentrations of vitamin D during summer, but not during winter, indicating that the effect may be related to outdoor activities [15] .
In the presented study, half of the participants were farmers, and contrary to the authors' preconception, the farmers had lower vitamin D levels, compared to non-farmers. A plausible explanation for this, despite farmers' high degree of outdoor work, might be that farmers have a more sun-protective behaviour. In a nationally representative sample of almost 6,000 adult US inhabitants, sun protective behaviours, such as staying in the shade and wearing long sleeve clothing, were associated with lower vitamin D levels [39] . This type of sun avoidance in everyday life is typical of Swedish traditional family farmers included in the cohort (personal knowledge). In addition, holiday visits to sunny destinations are associated with higher vitamin D levels [15] , and this type of holidays might be less common among farmers who generally take fewer vacations (Holmberg, unpublished data) . Accordingly, it is unlikely that the low relative risk of cardiovascular disease among farmers could be explained by good vitamin D status related to working outdoors. However, this question was not the focus of the current study and therefore not tested within the available data. The authors also did not have access to vitamin D measurements for the entire rural cohort of farmers and non-farmers. Extensive evidence support the role of inflammatory mechanisms involved in atherosclerosis and IHD [40, 41] . Vitamin D has multiple immune modeling effects [42] : vitamin D and vitamin D binding protein (VDBP) decreases as part of the acute inflammatory systemic response as a negative acute phase reactant [43] . It has been hypothesized that low vitamin D may be a consequence rather than a cause of inflammatory disease [44] . VDBP was lower among farmers with musculoskeletal disorders than among rural referents in a plasma proteomic study of biomarkers of systemic inflammation [45] . The level of VDBP is also genetically derived [46] Based on the case control design, the analyses of background variables and vitamin D were performed solely among the controls in order to look for independent associations.Since the matching between cases and controls were performed only on age, and the age span was rather narrow, the rational for paired tests was considered limited. Each measurement of vitamin D was adjusted by month of sampling before entering the logistic regression. The variation in vitamin D levels was similar over seasons, and it was estimated that the categorization into quartiles was not affected by the adjustment. Vitamin D does not require any special storage conditions [47] and the long-term storage of serum does not affect the vitamin D serum levels [48] .
A limitation of the presented study was that neither dietary intake nor supplements were taken into account. Some questionnaire based dietary data (dairy fat intake, intake of fruit and vegetables) was available for the participants, but this study was considered too small for robust analysis. Klingberg et al. found only weak associations between vitamin D levels and intake of vitamin D supplements [15] . The probable number of respondents taking supplements in this study population was very low. However, in Sweden, low-fat dairy products have been fortified with vitamin D for several decades.
The major strength of the current study is the prospective nested case-control design within a well-defined cohort. Baseline data was assessed in an extensive survey and rigorously checked. The partial non-response (missing data for separate variables) was generally low. Only register based hard end-points were used. Major known IHD risk factors were accounted for, but residual confounding related to, for example, diet, physical activity or sun exposure, cannot be ruled out.
CONCLUSION
It was found that rural Swedish men in the highest quartile of serum vitamin D had halved the relative risk of IHD, compared to those in the lowest quartile. The presented results conform well with the results obtained by other researchers, but the meaning and interpretation is uncertain. Much research remains to be undertaken in order to understand how vitamin D affects the risk of cardiovascular disease. Despite the fact that low levels of vitamin D are common in populations, to-date, no clear evidence for supplementation for treatment or prevention has been presented. Vitamin D is part of a very complex system involving inflammation, but the importance for cardiovascular epidemiology, public health and clinical work, remains to be resolved.
